INTRODUCTION
The adenylate cyclase of the olfactory mucosa is stimulated by odorants and has been implicated in olfactory transduction (Pace et al., 1985; Shirley et al., 1986; Sklar et al., 1986) . The transduction process involves a G-protein (Pace et al., 1985; Shirley et al., 1986) , and large quantities of G have been found in the olfactory cilia (Anholt et al., 1d87) . A G-protein is also found in extracts of material from this source (Pace & Lancet, 1986) .
Although the nasal passages warm incoming air, the olfactory membranes would still be expected to experience temperature fluctuations in vivo. It is also possible that some odorants might affect the fluidity of the membranes. In many systems, the activity of adenylate cyclase and its coupling to the receptor are highly sensitive to temperature and to membrane fluidity (e.g. Engelhard et al., 1976; Houslay et al., 1976 Houslay et al., , 1980 Dipple & Houslay, 1978; Brasitus & Schachter, 1980; Gordon et al., 1980a, b; Houslay & Gordon, 1983) . If this were the case in the olfactory system, temperature and fluidity fluctuations could seriously interfere with olfactory transduction.
We have investigated the effect of temperature upon the olfactory enzyme and its activation. The effect of membrane fluidity is more difficult to study, since many of the agents used to fluidize membranes are themselves odorants, and it would be difficult to distinguish effects mediated by the olfactory receptors from those mediated by the membrane. Accordingly we have limited our study using benzyl alcohol to the maximal (GTPyS-stimulated) activity of the enzyme. This activity should be unaffected by events occurring at the receptors. Direct measurement of membrane fluidity seemed inappropriate, because of the current crudity of the preparation. Membranes were prepared as previously described (Shirley et al., 1986) 
RESULTS
The production of cyclic AMP was linear with time over the periods of time used for the assays and under all conditions of temperature and additions. The preincubation mentioned in the Materials and methods section was necessary because, immediately after the addition of F-, accelerating rates were observed for a period of about 40 min. As in other systems (Sternweis & Gilman, 1982) , A13+ potentiated the ability of F-to stimulate the cyclase (results not shown). (a) Shows the combined data from eight independent preparations of olfactory adenylate cyclase. The data for each preparation have been shifted vertically to superimpose the curves. In no case did this adjustment to specific activity exceed 30%. The specific-activity axis refers to the geometric mean of the activity. Each data point is the mean of duplicate or triplicate determinations, and variability between replicates was 1.9% (S.D.). The assays were performed in the presence of 40 ,uM-GTP, and, although no odorant was added, we cannot exclude the possibility of an endogenous odorant or one of the assay components acting as an odorant. The curve should be regarded as an approximation to the physiological resting activity rather than to the basal activity. (b) Shows the activation of the cyclase activity (total activity in the presence of stimulus/resting activity). Reproducibility of replicate determinations was as in (a). (i) 1 mM-Acetophenone was added. The data are taken from three preparations, and no adjustment of activation is necessary to superimpose the curves. (ii) 5 mM-NaF and 20 1UM-AlCl3 were substituted for GTP. The data are taken from one preparation and are plotted 0.5 logarithmic (In) unit below the true value for separation from curve (iii). (iii) 40 uM-GTPyS was substituted for GTP. The data are taken from two preparations, and no adjustment to the activation is necessary to superimpose the curves.
Temperature-dependence of olfactory adenylate cyclase (Figs. 2 and 3) . However, the Arrhenius plots of activity with and without benzyl alcohol could be superimposed by assuming that the effect of the reagent was to shift the curve by 4.09°C and to inhibit the reaction by 46% (Fig. 2) .
DISCUSSION
If the olfactory cyclase in vivo shows the same behaviour as we have found in vitro, then the very small values of Arrhenius slopes at physiological temperatures would make olfactory transduction almost temperatureindependent. In the presence of acetophenone, the total cyclase activity shows an activation enthalpy of only 17 kJ * mol-1 -K-1. In vivo, the olfactory system may not be called upon to discriminate odour from no odour but only odour from background, in which case this even lower value for activation enthalpy would be the relevant one.
The addition of benzyl alcohol at 40 mm to membranes is usually equivalent to a temperature increase of 6-8°C (Dipple & Houslay, 1978; Brasitus & Schachter, 1980; Gordon et al., 1980a) . In the case of the olfactory preparation, 50 mM-benzyl alcohol produced an effect equivalent to only 4.1 'C. This small shift, coupled with the low Arrhenius slopes, would make the olfactory cyclase fairly insensitive to modulation via membrane fluidity. For example, 50 mM-benzyl alcohol (acting as a membrane fluidizer), causing an effect equivalent to 4.1 'C coupled with a temperature coefficient of 3 % /'C would stimulate the cyclase by 12%, which is the stimulation produced by 5 tsM-acetophenone (acting as (Shirley et al., 1986) . Furthermore, temperature or fluidity changes would be expected to affect all of the cyclase activity equally, whereas an odorant, acting via a limited subset of receptors, would stimulate only part of it and would be recognized by the pattern of differential stimulation.
Inhibition of adenylate cyclase by benzyl alcohol (at higher concentrations) has been observed in rat liver (Gordon et al., 1980a,b) and has been attributed to the alcohol competing for protein domains normally occupied by annular lipid (Gordon et al., 1980a) . Freeze-etch studies of the olfactory cilia revealed a large number of particles in the membrane (Menco, 1976 (Menco, , 1977 (Menco, , 1980 , implying that these membranes are protein-rich. An unusually high ratio of annular to non-annular lipid might explain why the inhibitory effect of benzyl alcohol is more prominent with the olfactory cyclase. Also, the inhibitory effect of benzyl alcohol may be more visible in the olfactory case, since the membrane-fluidization (stimulatory) effect is smaller.
It would be premature to try to assign meanings to breaks of slope in the Arrhenius plot of resting activities, if any indeed exist; the graph can equally well be fitted by a smooth curve. However, the curve seems to lack the break of slope at about 25°C that has been found in many cyclase systems (Bar, 1974; Orly & Schramm, 1975; Engelhard et al., 1976; Pliego & Rubalcava, 1978; Rene et al., 1978; Brasitus & Schachter, 1980; Houslay, 1978) . This change of slope seems characteristic of the cyclase catalytic unit (Houslay & Gordon, 1983) , and its absence might suggest that the olfactory enzyme may be slightly unusual form. But there is another possible explanation. In other systems, this break of slope is abolished by stimulation with relevant ligands and guanine nucleotides (Bar, 1974; Engelhard et al., 1976; Pliego & Rubalcava, 1978; Rene et al., 1978; Brasitus & Schachter, 1980; Houslay, 1981) . The olfactory cyclase (measured without the addition of odorants but with GTP) may, in fact, be stimulated, either by endogenous odorants or by a component of the assay system. Acetophenone at 1 mm is not a saturating concentration of odorant. Indeed, saturation has not been demonstrated in olfaction by biochemical means (Pace et al., 1985; Shirley et al., 1986) or by electrophysiology. The receptor sites are, therefore, not fully occupied by odorant, and the degree of occupancy may well change with temperature. A high degree of receptor heterogeneity is also suspected in the olfactory system (Polak, 1973; Pace et al., 1985; Shirley et al., 1986) . Accordingly, the break of slope in the acetophenone activation curve, although well-defined, should, at the moment, only be taken as characteristic of this odorant at this concentration.
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